Abstract. This paper presents Local Rank Patterns (LRP) -novel features for rapid object detection in images which are based on existing features Local Rank Differences (LRD). The performance of the novel features is thoroughly tested on frontal face detection task and it is compared to the performance of the LRD and the traditionally used Haar-like features. The results show that the LRP surpass the LRD and the Haarlike features in the precision of detection and also in the average number of features needed for classification. Considering recent successful and efficient implementations of LRD on CPU, GPU and FPGA, the results suggest that LRP are good choice for object detection and that they could replace the Haar-like features in some applications in the future.
Introduction
Detection of objects in images has many real-world applications ranging from camera orientation to computer-human interaction, surveillance and robot vision. One of the approaches to real-time object detection is scanning images for specific 2D patterns using fast detection classifiers. Such classifiers are in many cases modifications of the classifier originally proposed by Viola and Jones [1], who designed the first real-time frontal face detector using a cascade of boosted classifiers and Haar like features. The cascade structure of the classifier together with rapid computation and relatively high discriminative power of the Haar like features resulted in very low average decision time which is essential in the detection task.
Aside of the frontal faces, the detection classifiers have been used to detect various objects such as occluded faces [2] [6] have proposed a unified approach how to emulate behavior of any existing application-specific detector by sequential classifier which is optimal in terms of computational complexity for desired detection precision. In their approach, the main effort is put into finding a suitable set of features which are then automatically combined into a WaldBoost [9] ensemble.
The performance of the detection classifiers largely depends on the type of features they use. The ideal features should be computationally inexpensive, should be, to some degree, invariant to geometry and illumination changes and should provide high discriminative power -all at the same time. High discriminative power is needed to achieve high precision of detection and it also implies more compact and faster classifiers as lower number of features is needed to be computed for the classifier to make a decision. In general, the ideal type of features can differ for different types of objects [6] . However, simple image filters have been proven to generalize well across various types of objects [4] [5] .
We propose a novel feature set which is suitable for real-time detection of 2D patterns in images. These features, the Local Rank Patterns (LRP), are invariant to monotonous lighting changes, reflect the amplitude of local changes and also provide information about local patterns. The design of the LRP is based on the recently proposed Local Rank Differences (LRD) [10] . As shown below, the discriminative power of the LRD is unnecessarily constrained and the properties of the resulting classifiers can be significantly improved by removing these constraints. The LRP present one of the possibilities how to do this. The LRP share most of the computational steps necessary to evaluate the LRD; that suggests that the recent real-time implementations of engines evaluating classifiers with LRD on CPU, GPU [8] and FPGA [7] can be easily modified to also accommodate classifiers with the LRP.
The paper is structured as follows. In Section 2, general definition of the LRP is given and some of the properties of LRP are discussed. Section 3 presents the particular form of LRP which was used in experiments on frontal face detection task which are described in Section 4. The paper is concluded and hints for future work are given in Section 5.
Local Rank Patterns
Let us consider a scalar image f : Z 2 → R. On such image, a sampling function can be defined (x, u ∈ Z 2 , g :
